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Summary
Objective: To compare the sensitivity of WOMAC and the two added dimensions Sport and Recreation Function and
Knee Related Quality of Life in subjects with radiographic knee OA to that in controls. To study the influence of age
on the reported outcomes.
Design: Outcomes were compared between subjects having had meniscectomy 21 years ago and which at time of
follow-up had definite radiographic OA (N=41, mean age 57), and age- and sex-matched controls without radiographic
OA (N=50, mean age 53). For the purpose of studying the impact of age, the groups were divided in two age groups,
younger and older than 50 years, respectively. Close to 50% of both groups reported current physical activity levels of
at least recreational golf, dancing, hiking, etc.
Symptoms and function were assessed by WOMAC Osteoarthritis Index and the added dimensions Sport and
Recreational Function (Sport/Rec) and Knee Related Quality of Life (QOL). A percentage score was calculated,
0 indicating extreme knee problems and 100 indicating no knee problems.
Results: The control group had mean scores of 88–98 for the di#erent dimensions. The OA group scored significantly
lower in all dimensions (P<0.0001). The most discriminative dimensions in both age groups were Sport/Rec and QOL
with mean scores of 52 and 59 (ranges 0–100).
Conclusion: The dimensions Sport and Recreation Function, and Knee Related QOL were highly sensitive and
discriminant outcomes in both age groups and should be assessed in addition to WOMAC in subjects with
post-traumatic osteoarthritis of the knee.
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RADIOGRAPHIC changes of knee osteoarthritis (OA)
are seen in approximately 50% of patients 10–15
years after an injury to the anterior cruciate liga-
ment (ACL) or the menisci [1]. Given that knee
injuries often occur early in life, radiographic
changes of OA can often be seen between the ages
of 30–40 in these patients. Much research is cur-
rently focused on both symptom- and disease-
modifying treatment of OA, and on surgical re-
construction to restore function and prevent the
development of post-trauma OA in these patients.
Outcome instruments measuring impairment,216disability and handicap are needed to fully evalu-
ate treatment of OA, since the correlation between
radiographic changes of OA and symptoms gener-
ally is poor [2, 3, 4]. To our knowledge, no outcome
measure assessing patient-relevant outcomes has
been validated in young and middle-aged subjects
with knee OA, making interpretation of the out-
come of clinical studies on OA treatment in these
subjects di$cult.
Western Ontario and MacMaster Universities
Osteoarthritis Index (WOMAC) assesses pain, sti#-
ness and function and is well validated in elderly
subjects with knee or hip OA [5, 6]. However,
younger subjects have higher demands on func-
tional activities and lifestyle. It can not be taken
for granted that WOMAC Osteoarthritis Index is
valid also for younger subjects with OA. With
WOMAC as a base, a questionnaire aimed at
subjects with knee injury and post-traumatic knee
OA was developed and found to meet basic require-
ments of outcome measures [7]. It was hypoth-
esized that the addition of the two dimensions
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of measurement of outcome in younger subjects, or
subjects with an active life style, with knee OA.
The aim of the present study was therefore to
compare the sensitivity of WOMAC and the two
added dimensions Sport and Recreation Function
and Knee Relevant Quality of Life in subjects with
and without radiographic knee OA, and to study
the influence of age on the response to the di#erent
index modules.MethodsSUBJECTS
Radiographic data and questionnaire data were
available for 87 subjects taking part in a follow-up
study 21 years after open meniscectomy. Subjects
with associated anterior cruciate ligament injury,
diagnosed at time of surgery or at follow-up exami-
nation, were excluded. An age- and gender-
matched control group was identified from the
National Population Records (same birthdate,
same gender, same mail zipcode) was evaluated
equally (N=68). Subjects with previous injuries to
the menisci or anterior cruciate ligaments were
excluded from the control group.
Forty-one subjects in the follow-up study of
meniscectomy had definite radiological OA of the
operated knee and formed the study group. Radio-
graphic OA was evaluated according to a pub-
lished atlas [8] and was defined as joint space
narrowing (JSN) grade 1 and osteophytes
grade §1, or JSN§grade 2. Fifty subjects in the
age- and gender-matched group had no radio-
graphic OA and formed the control group. Patient
characteristics are shown in Table I.
When studying the influence of age on the out-
comes, the study group and control group were
divided into two groups, ƒ50 years old (N=14 and
25, respectively) and >50 years old (N=27 and 25,
respectively).RECREATIONAL ACTIVITIES
Current recreational activities were self-
reported on a scale from 0–6 (modified from StevenEdworthy, McCraig Centre for Joint Injury &
Arthritis Research, Calgary, Alberta, Canada, per-
sonal communication, 1995), 0 defined as a mini-
mum of recreational activities and 6 as competitive
sports (Table II). Test–retest agreement of the
activity scale has been found satisfactory. When
administered twice with a mean of 5.0&1.8 days in
63 subjects prior to knee arthroscopy, 56 patients
reported the same activity level at both adminis-
trations. Four patients reported one level higher
on the second administration, while two patients
reported one level lower. One patient reported
three levels higher on the second administration
(E Roos, unpublished data).
Of the controls, 46% reported current rec-
reational activities like golf, dancing, hiking or
more strenuous (level 4) compared to 49% of the
study group. When the groups were split by age,
similar proportions were seen in both study group
and control group (57% vs. 48% in the younger
age group, 44% vs. 44% in the older age group),
Table III.Table I
Patient characteristics of the study group and the control
group
Study group
Radiographic OA
N=41
Control group
No radiographic OA
N=50
Mean age 57 53
Median age 56 51
Age (range) 38–76 37–79
Females, N 12 12OUTCOME MEASURES
Patient-centered outcomes were collected by a
questionnaire including the WOMAC Likert 3.0
version [9] and two added dimensions, Sport and
Recreation Function (Sport/Rec) and Knee
Related Quality of Life (QOL). Items included in
Sport/Rec and QOL are listed in Table IV. The
selection process of items included in these added
dimensions is reported elsewhere [7]. The inter-
item correlation, as measured by Cronbach’s
alpha, was calculated for the 41 subjects in the
study group and found to be 0.93 for both dimen-
sions. The test–retest reliability of the two dimen-
sions has been assessed twice in di#erent samples
and found satisfactory with intraclass correlation
coe$cients of 0.78 to 0.86 [7, 10]. Additionally, the
two dimensions were found to be highly responsiveTable II
Self-reported current recreational activities
Which description describes your current recreational
activities the best? Please mark one alternative
6 Competitive sports: soccer, raquet sports, track and
field, skiing, etc.
5 Recreational sports: jogging, skiing, racquet sports,
etc.
4 Golf, dancing, hiking, water aerobics
3 Heavy yard work, heavy household work, walking
on even ground
2 Light yard work, light household work, shopping
1 Minimal household work, card games, sewing
0 No household work, TV, reading
218 Roos et al.: Suggested additions to WOMACwith e#ect sizes of 0.90 and 1.15 three months after
arthroscopic partial meniscectomy, and 1.16 and
1.65 six months after reconstruction of the anterior
cruciate ligament.
Five Likert-boxes labeled no problems, mild
problems, moderate problems, severe problems,
and extreme problems, were used as answer
options. The time frame to consider when answer-
ing the questionnaire was set to last week. Scores
were entered into a personal computer and scruti-
nized for errors. Very few values were missing, and
when this being the case, missing values were
treated according to the WOMAC User’s Guide [9].
The scores were summed and transformed into a
0–100 scale [11] where 100 represents no knee
problems and 0 represents extreme knee problems.STATISTICAL ANALYSES
The results are given as mean, median and
range. The groups were compared by the use of
Mann-Whitney U-test. With a total of 91 patients,
and estimated standard deviations of 10, 20 or 30
we could detect, at a power of 80%, detect signifi-cant di#erences between the study group and the
controls of 6, 12 and 17 units (P<0.05).Results
The control group reported minimal or no knee
symptoms with mean scores of 88–98 for the five
di#erent dimensions, and all median scores being
100. Subjects with previous meniscectomy and
radiological OA scored significantly lower, indi-
cating more problems, than the control group in
all dimensions (mean scores 52–84, P<0.001). The
mean scores were lowest for Sport/Rec and QOL.
The mean di#erences for the three WOMAC
dimensions Pain, Sti#ness and Function between
the control group and the OA group were 14, 20
and 17 , respectively. For the added dimensions
Sport/Rec and QOL the di#erences were 36 and 32,
respectively . Similar di#erences between study
subjects and controls were seen for both the
younger and older age groups (Table V).
When comparing subjects with previous men-
iscectomy and radiological OA of di#erent age
groups, younger subjects generally scored higher
(indicating less problems). The only exception
was QOL where younger subjects scored lower,
indicating more problems (Fig. 1). None of these
di#erences were significant.Table III
Percentage of patients with OA and controls, total groups and when dichotomized into two age
groups, older than or younger or 50 years, reporting different recreational activity levels
Total groups ƒ50 years >50 years
OA Controls OA Controls OA Controls
Active in sports (level 5–6) 22 19 36 20 15 17
Golf, dancing, hiking (level 4) 27 27 21 28 30 26
Heavy household work, walking
on even ground (level 3)
10 27 7 32 11 22
Sedentary life-style (level 0–2) 41 27 36 20 44 35Table IV
Items included in Sport and Recreation Function and
Knee Related Quality of Life
Sport/Rec
What di$culty have you experienced last week . . .
1. Squatting
2. Running
3. Jumping
4. Twisting/pivoting on your knee
5. Kneeling
QOL
1. How often are you aware of your knee problems?
2. Have you modified your lifestyle to avoid poten-
tially damaging activities to your knee?
3. How much troubled are you with lack of confidence
in your knee?
4. In general, how much di$culty do you have with
your knee?Discussion
Compared to elderly patients seeking medical
care because of late-stage OA (a group WOMAC
has been proven valid for [5, 6, 12]), this group of
relatively young subjects (mean age 57) with post-
traumatic OA reports few symptoms and little
functional impairment when evaluated with
WOMAC. However, when ‘Sport and Recreation
Function’ and ‘Knee Related Quality of Life’ were
assessed, the subjects reported substantially more
severe problems. This finding emphasizes the
importance of using outcome measures that are
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Mean, standard deviation, median and ranges of the five measured outcomes in the study group and the control group.
P-values are given for mean score comparisons between OA group and Control group
OA group Control group P
(2-tailed)
Mean SD Median Range Mean SD Median Range
ALL (N=41+50)
Pain 84 25 100 10–100 98 8 100 60–100 0.001
Sti#ness 76 25 75 25–100 96 11 100 50–100 <0.001
Function 79 24 87 19–100 96 12 100 44–100 <0.001
Sport/Rec 52 32 65 0–100 88 19 100 30–100 <0.001
QOL 59 27 56 0–100 91 15 100 38–100 <0.001
<50 y (N=14+25)
Pain 84 25 98 20–100 97 9 100 60–100 0.08
Sti#ness 82 22 88 25–100 97 11 100 50–100 0.02
Function 83 24 95 19–100 96 12 100 47–100 0.004
Sport/Rec 56 29 68 0–95 88 18 100 40–100 <0.001
QOL 52 26 50 0–81 90 16 100 44–100 <0.001
>50 y (N=27+25)
Pain 84 26 100 10–100 98 7 100 65–100 0.01
Sti#ness 73 26 75 25–100 95 11 100 63–100 <0.001
Function 77 24 82 19–100 96 12 100 44–100 <0.001
Sport/Rec 50 34 50 0–100 88 20 100 30–100 <0.001
QOL 63 28 62 6–100 93 50 100 38–100 <0.001QOL %
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FIG. 1. Mean scores reported as an ‘outcome profile’ of
the five dimensions Pain, Sti#ness, Function, Sports/
Recreation and Quality of Life for the study group when
split into two age groups (ƒ or >50 years) and the
control group. 100 represents no knee problems, and 0
extreme knee problems. —-— controls, no OA; —,—
ƒ50 years, OA; —.— >50 years, OA.relevant, sensitive and valid for the group at
interest.
It may be questioned whether recreational
activities like running, jumping, squatting,
pivoting/twisting and kneeling are relevant to
assess for older subjects. In this study close to
50% of the subjects over the age of 50 reported
recreational activities where these items were
included, indicating a high content validity for
these more strenuous activities even for this
group. This finding is in concordance with a study
of hip arthroplasty where 78 participating patients(mean age 62 years) were found to assign the
highest mean severity-importance score both pre-
and post-operatively to ‘recreational activities’
[13]. The question was deliberately phrased to
allow people to rate whatever they considered
recreational activites. Most of the younger and
middle aged patients participated in physical
activities. Even in the elderly, the recreational
activities that were important to them were danc-
ing, gardening, golf and walking (J Wright, per-
sonal communication, 1997). Thus, the level of
physical activity is more important than chrono-
logical age when choosing what patient-relevant
outcomes to measure.
An age- and sex-matched control group was used
to determine reference scores. The control group
had had no previous injuries to the menisci or
cruciate ligaments, nor had they undergone any
orthopaedic intervention to the back or lower
extremity. It is known from other studies that
subjects may have chronic knee pain and func-
tional impairment without having radiographic
evidence of OA [14, 3, 15]. Therefore, a control
group can not be expected to have perfect scores.
Of the 50 subjects in our control group, 43 reported
never having any knee pain whatsoever and 36
reported no problems at all with activities of daily
living. On average, the control group reported
slightly more problems with Sports/Rec and QOL,
than with the WOMAC dimensions. However, the
difference in normalized score between the study
group and the control group was two-fold for
Sport/Rec and QOL, compared to the WOMAC
220 Roos et al.: Suggested additions to WOMACdimensions, indicating an increased ability for the
two added dimensions to discriminate between
subjects with radiographic OA and healthy con-
trols of this age and physical activity. Associated
to this two-fold di#erence in mean scores was just
slightly higher standard deviations, indicating
fewer patients needed to demonstrate significant
di#erences for the added dimensions.
Generally, women report more pain and physical
impairment than men [16]. Pain and physical
impairment is also known to increase with age
[16]. Therefore, it was crucial to match the control
group as closely as possible with regard to age and
gender. The proportions of females were similar in
both groups (24% and 29%, respectively). Orig-
inally, the two groups examined were age- and
gender-matched, but due to exclusion of subjects
not having radiographic OA from the study group
and exclusion of subjects having radiographic OA
from the control group, the mean age of the control
group became 4 years less than that of the study
group (53 years compared to 57 years). Normative
data of pain and physical impairment in general
populations is available for the Short-Form 36
(SF-36), a generic outcome measure, measuring
among other constructs Physical Function and
Bodily Pain [17]. SF-36 scores are given on a scale
from 0–100, similar to what have been used in this
study. The age-dependent di#erence between the
age groups 50–54 and 55–59 was 5 and 2 units for
Physical Function and Bodily Pain, respectively
[16]. These data indicates that the di#erence in
mean age in our study may not influence on the
results for the outcomes measured.
No significant di#erences were seen in outcome
between the two age groups of subjects with OA. It
is notable, though, that in the study group younger
subjects generally reported a higher score (less
problems) than older subjects, except for the
dimension QOL where they reported more prob-
lems. It could be speculated that this is an expres-
sion of reduced knee function having greater
impact on younger subjects with higher demands
on activity level and lifestyle.
We conclude that the added dimensions ‘Sport
and Recreational Function’ and ‘Knee Relevant
Quality of Life’ had high content validity in both
age groups. Moreover, these dimensions showed a
high sensitivity and discriminative ability when
comparing with knee healthy subjects. These
dimensions should therefore be assessed in
addition to WOMAC in a younger, more physically
active population with relatively mild symptoms
and functional limitations due to post-traumatic
OA of the knee. Further studies will be needed to
demonstrate the possible validity of the addeddimensions ‘Sport and Recreational Function’
and ‘Knee Relevant Quality of Life’ in an older
population with knee OA.References
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